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This study used structural equation modeling to examine the genetic and environmental architecture of
latent dimensions of internalizing and externalizing psychiatric comorbidity and explored structural
associations between posttraumatic stress disorder (PTSD) and these dimensions. Data were drawn from
the Vietnam Era Twin Registry and included lifetime diagnoses for PTSD and a range of other psychiatric
disorders for 3,372 male-male twin pairs. Examination of the phenotypic structure of these disorders
revealed that PTSD cross-loaded on both Internalizing and Externalizing common factors. Biometric
analyses suggested largely distinct genetic risk factors for the latent internalizing and externalizing
comorbidity dimensions, with the total heritability of the Externalizing factor (69%) estimated to be
significantly stronger than that for Internalizing (41%). Nonshared environment explained the majority of
the remaining variance in the Internalizing (58%) and Externalizing (20%) factors. Shared genetic variance
across the 2 dimensions explained 67% of their phenotypic correlation (r = .52). These findings have
implications for conceptualizations of the etiology of PTSD and its location in an empirically based nosology.
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Comorbidity (i.e., the co-occurrence of two or more diagnoses)
is highly common among mental disorders (Kessler, Chiu, Demler,
Merikangas, & Walters, 2005). Epidemiologic studies have shown
that psychiatric disorders co-occur in patterns that constitute broad
classes, or spectra, of psychopathology; disorders within a given
spectrum are thought to reflect the manifestation of a common
vulnerability to psychopathology of that type (Krueger, 1999;

Markon, 2009; Watson, 2005). These common factors, or latent
dimensions of psychopathology, are modeled through factor anal-
ysis of the covariation among diagnoses. Recent studies suggest
that the covariation of the anxiety and unipolar mood disorders is
accounted for by a common factor termed internalizing. A second
factor, termed externalizing, has been found to underlie the fre-
quent co-occurrence of the substance-use disorders and antisocial
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personality disorder (ASPD; Krueger, 1999; Krueger, Caspi, Mof-
fitt, & Silva, 1998; Krueger, Chentsova-Dutton, Markon, Gold-
berg, & Ormel, 2003; Krueger, McGue, & lacono, 2001; Miller,
Fogler, Wolf, Kaloupek, & Keane, 2008; Slade & Watson, 2006;
Vollebergh et al., 2001). Data from children suggest that attention-
deficit hyperactivity disorder may also covary primarily with dis-
orders in the externalizing spectrum (Coolidge, Thede, & Young,
2000; Dick, Viken, Kaprio, Pulkkinen, & Rose, 2005; Young et al.,
2009). These factors constitute essential components of the struc-
ture of mental illness and may provide useful targets for future
genetic association and biomarker discovery studies. Further, these
dimensions have been proposed as organizing rubrics for the
Diagnostic and Statistical Manual of Mental Disorders (5th ed.;
DSM-V) and the International Classification of Diseases (11th ed.;
ICD-11); specifically, the internalizing, or “emotional disorders”
(Goldberg, Krueger, & Andrews, 2009), and externalizing do-
mains have been advanced as part of a metastructure that would
reorganize the DSM and ICD according to the common factors
underlying classes of related disorders (Goldberg et al., 2009;
Krueger & South, 2009). This study examined the relative contri-
butions of genetic and environmental influences to the internaliz-
ing and externalizing dimensions of psychopathology using data
from the Vietnam Era Twin Registry (VETR).

One prior twin study examined the genetic and environmental
structure of a wide array of disorders spanning both the internal-
izing and externalizing spectra. Kendler, Prescott, Myers, and Neal
(2003) reported that a single genetic factor was associated with
liability to major depression, generalized anxiety disorder (GAD),
and phobic disorders, whereas a second genetic factor explained
the majority of shared liability to substance-use disorders, antiso-
ciality, and conduct disorder. The authors examined the extent to
which the same genetic and environmental effects contributed to
the development of multiple disorders within the internalizing and
externalizing spectra, but they did not estimate directly the heri-
tability of the common factor underlying these spectra. Doing so
would offer several potential advantages. First, if notable herita-
bility of the latent dimensions is observed, then the internalizing
and externalizing spectra can be conceptualized as endophenotypic
traits that may represent continuous genetic liability factors better
than putatively discrete, individual DSM constructs. Second, the
analysis of common factors is more conceptually consistent with
the goal of examining the heritability of comorbidity, given that
the primary unit of analysis in this approach is disorder overlap
(i.e., covariance) rather than individual disorders. Third, the latent
modeling or “common factor” approach separates true nonshared
environmental variance (environmental effects making each twin
unique) from variance attributed to the unreliability of a specific
individual diagnosis, whereas the two sources of variance are
conflated in traditional biometric modeling approaches (see the
following).

Three prior studies, focusing on externalizing disorders, have
examined the genetic and environmental contributions to a latent
psychopathology factor. Two of these studies found that a single
genetic factor explained approximately 80—85% of the variance in
externalizing, also termed “behavioral disinhibition” by Young et
al. (Krueger et al., 2002; Young, Stallings, Corley, Krauter, &
Hewitt, 2000), whereas the third study reported somewhat lower
heritability estimates for the behavioral disinhibition factor (.43—
.58; Young et al., 2009). No prior study has estimated the differ-

ential genetic and environmental contributions to the common
factor underlying internalizing comorbidity or simultaneously
modeled these influences on both the internalizing and external-
izing latent dimensions. This is an important step in understanding
the conceptual status of the internalizing and externalizing latent
dimensions. If both dimensions are phenotypically coherent and
heritable, then both dimensions can be well conceived of as heri-
table sources of observed comorbidity (i.e., as endophenotypic
constructs that account for comorbidity by channeling genetic
influences shared among disorders within a specific spectrum).

This study was designed to address this gap in the literature by
modeling the genetic and environmental influences on both inter-
nalizing and externalizing psychopathology factors using psychi-
atric diagnostic data from the VETR, a large twin registry of
mono- and dizygotic male-male twin pairs who served in the
military during the Vietnam era and who have undergone exten-
sive diagnostic assessments since then. We hypothesized that
model fitting would reveal evidence for one genetic factor primar-
ily associated with an internalizing comorbidity factor and a sec-
ond, distinct, genetic factor linked to the externalizing dimension.
In light of prior evidence for a moderate correlation between the
internalizing and externalizing factors (in the r = .40-.60 range;
Krueger, 1998, 1999; Slade & Watson, 2006; Vollebergh et al.,
2001), we expected to find overlap in the genetic influences on
internalizing and externalizing. We also examined the residual ge-
netic and environmental structure of the individual mental disorders
that comprise the two psychopathology factors, as prior work has
demonstrated the presence of independent, disorder-specific genetic
and environmental effects (e.g., a genetic effect specific to alcohol-
use disorders and a separate genetic effect specific to drug-use
disorders; Kendler et al., 2003).

The second aim of this study was to compare explicitly the heri-
tability of internalizing versus externalizing psychopathology. Prior
work suggests that the heritability (#%) of individual internalizing
disorders (which has generally been found to be in the .10—.35 range;
Hettema, Prescott, Myers, Neale, & Kendler, 2005; Kendler et al.,
2003) tends to be weaker than the heritability of individual external-
izing disorders (in the .18—.66 range; Kendler et al., 2003) or the
externalizing common factor (" = 43-.84; Krueger et al., 2002;
Young et al., 2000, 2009). Based on this, we hypothesized that the
heritability of the latent externalizing dimension would be greater than
that of the latent internalizing dimension. The use of the common
factor approach lends itself to this comparison particularly well, as
latent variables contain only true-score variance; error variance has
been removed by virtue of including multiple indicators (i.e., diag-
noses) of the common factor. Error variance is estimated in the
portion of indicator residual variance (reflecting variance in each
diagnosis that is not captured by the common factor) that is due to
disorder-specific nonshared environmental effects. Although it is im-
possible to distinguish between measurement error and disorder-
specific nonshared environmental effects on each individual diagno-
sis, the use of latent psychopathology dimensions does allow for the
separation of true nonshared environmental effects from measurement
error on the latent dimensions. This partitioning of true-score and
error variance is a compelling approach to estimating the heritability
of internalizing and externalizing psychopathology as there is more
true-score variance to be explained in the common factor relative to
the individual disorders (thus, estimates of heritability are likely to be
underestimated when individual disorders are examined because of
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their greater unreliability). Consistent with this, Kendler, Karkowski,
and Prescott (1999) demonstrated that when measurement unreliabil-
ity is controlled for (i.e., by having multiple assessment points),
heritability estimates increase relative to when it is not. The use of
common factors may exert the same type of effect on the heritability
estimates relative to the use of individual disorders.

The third aim of the study was to clarify the association between
posttraumatic stress disorder (PTSD) and internalizing and external-
izing. Prior studies (Cox, Clara, & Enns, 2002; Miller et al., 2008;
Slade & Watson, 2006) that have examined this issue have found
PTSD to align with a subset of the internalizing disorders character-
ized by worry, rumination, and depressive disorders, the anxious-
misery (Krueger, 1999) or distress (Krueger & Markon, 2006; Slade
& Watson, 2006; Watson, 2009) disorders: depression, dysthymia,
and GAD. Further, these studies suggested that PTSD covaries more
strongly with the anxious-misery disorders than with disorders char-
acterized by paroxysmal fear (i.e., the fear disorders: panic disorder
and the phobias; Krueger, 1999). However, other research suggests a
substantive link between PTSD and disorders of the externalizing
spectrum. Specifically: (a) PTSD shares genetic influences with dis-
orders of both the internalizing and externalizing spectra (Chantaru-
jikapong et al., 2001; Koenen, Fu, et al., 2008; McLeod et al., 2001;
Scherrer et al., 2008; Xian et al., 2000); (b) adults with PTSD are
more likely to have histories of childhood externalizing disorders
(Gregory et al., 2007; Koenen et al., 2005; Koenen, Moffitt, et al.,
2008; Koenen, Moffitt, Poulton, Martin, & Caspi, 2007), compared
with adults with other types of anxiety disorders (Gregory et al.,
2007); and (c) many individuals with PTSD exhibit a predominantly
externalizing pattern of comorbidity characterized by problems in the
domain of impulse control, antisociality, and substance abuse (Miller,
Greif, & Smith, 2003; Miller, Kaloupek, Dillon, & Keane, 2004;
Miller & Resick, 2007). Accordingly, we hypothesized that the best
fitting model would be one in which PTSD cross-loaded on both
Internalizing and Externalizing factors.

Method

Participants

The sample included 1,874 monozygotic (MZ) and 1,498 dizy-
gotic (DZ) male-male twin pairs from the VETR (a total of 6,744
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individuals). As previously described (Eisen, Neuman, Goldberg,
Rice, & True, 1989; Henderson et al., 1990), this nationally dis-
tributed sample included active military duty twin pairs from the
Vietnam War era (born between 1939 and 1957). These data are
from the 1992 Harvard Twin Study of Drug Abuse and Depen-
dence. The response rate was 79.6%. The mean age of the sample
in 1992 was 44.6 (SD = 2.8). Participants reported their ethnicity
as follows: White, non-Hispanic (90.4%); African American
(4.9%); Hispanic (2.7%); and Native American; or other (2.0%).
Zygosity was determined with a questionnaire and blood-group
typing methodology, achieving 95% accuracy (Eisen et al., 1989).

Measures

The data that were analyzed were lifetime DSM—III-R (Amer-
ican Psychiatric Association, 1987) diagnoses for PTSD, major
depression, dysthymia, GAD, panic disorder, ASPD, alcohol
abuse/dependence, and substance abuse/dependence. The diag-
noses were obtained over the telephone using the Mental Health
Diagnostic Interview Schedule (Version III—Revised; DIS-III-R;
Robins, Helzer, Cottler, & Golding, 1998). Details of the assess-
ment procedure have been reported previously (Koenen et al.,
2002; Lyons et al., 1998); the reliability of the diagnoses was
assessed by having a second rater re-interview 146 participants
over a period of, on average, 466 days (*50.5; Koenen et al.,
2002; Slutske et al., 1998, 2001). Disorders from the externalizing
spectrum tended to have higher Kappa coefficients (M = .57)
relative to disorders from the internalizing spectrum (M = .36;
Koenen et al., 2002; Slutske et al., 1998, 2001). Rates of psycho-
pathology are presented in Table 1 for the full sample.

Statistical Analysis

The diagnostic data examined for the phenotypic and biometric
analyses were three-level categorical variables: Each diagnosis
was coded as absent (no symptoms), subthreshold (one or more
symptom present but did not meet full diagnostic criteria on the
DIS-III-R), or present (full diagnostic criteria met). Individuals
never exposed to trauma (54% of the full sample) were coded as
negative for the PTSD diagnosis. Diagnostic data were missing for

Lifetime Prevalence Rates of Psychopathology and Polychoric Cross-Twin Diagnostic Correlations for Monozygotic Versus

Dizygotic Twins

Alch ASPD Drug DYS GAD MDD Panic PTSD
Disorder % Mz DZ MZ DZ MZ DZ MZ DZ MZ DZ MZ DZ MZ Dz MZ Dz
Alch 54.6 .54 .36 37 18 41 20 23 .09 15 .04 21 .07 14 .01 .20 .06
ASPD 2.7 .35 20 .50 25 43 .26 23 .14 13 .09 23 .14 12 .05 .19 .10
Drug 10.1 .38 .20 43 27 .70 52 .26 .16 20 .00 27 15 19 .03 21 13
DYS 2.4 21 11 23 .14 25 18 .35 .16 31 11 .35 17 .29 13 27 13
GAD 2.2 .10 12 15 .05 .07 A2 22 .04 27 .06 28 .06 19 .05 24 .03
MDD 9.2 24 13 22 13 23 15 .36 .10 31 .07 37 .14 .33 .08 31 12
Panic 1.6 22 .04 13 .08 22 13 27 A2 28 .26 28 15 .39 .04 18 13
PTSD 9.6 15 .14 20 13 .19 13 .16 11 .14 .07 .19 13 17 .00 25 .19

Note.

MZ = monozygotic; DZ = dizygotic; Alch = alcohol abuse/dependence; ASPD = antisocial personality disorder; drug = drug abuse/dependence;

dys = dysthymia; GAD = generalized anxiety disorder; MDD = major depressive disorder; Panic = panic disorder; PTSD = posttraumatic stress disorder.
Percentages are based on dichotomous diagnoses, whereas the polychoric correlation matrix is based on three-level (negative, subthreshold, threshold)
variables. Correlation coefficients = .09 are significant at the p < .05 level.
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some participants (maximum amount of missing data for any
diagnosis was 0.6% of the full sample for the PTSD diagnosis), but
data from these participants were still included in the analyses, as
we employed statistical estimators that model missingness directly
(see the following). All structural analyses were conducted with
the Mplus 5.11 (Muthén & Muthén, 2007) statistical modeling
software.

Phenotypic analyses. We first examined the phenotypic
structure of comorbidity in this sample using confirmatory factor
analysis. To do so, we selected one twin from each twin pair at
random and compared the fit of two competing models (described
in the following) in this subsample. The advantage of examining a
subsample versus all participants at once is that the former ap-
proach allowed us to use an estimator which yields more standard
fit statistics for evaluating model fit, as the latter approach would
require the use of the robust maximum likelihood estimator to
account for the nonindependence of twin pairs and would yield
fewer such statistics. A second advantage is that it affords consis-
tency in the estimation process employed across the phenotypic
and biometric analyses. In the first model, we specified a two-
factor structure to the disorders in which major depression (the
marker indicator), dysthymia, GAD, PTSD, and panic disorder
were specified to load on the Internalizing factor and ASPD (the
marker indicator), alcohol abuse/dependence, and drug abuse/
dependence were specified to load on the Externalizing factor. We
did not model latent anxious-misery versus fear factors, as panic
disorder was the only diagnosis available which would have been
expected to load on the fear factor. We then compared the fit of the
traditional two-factor model with a less restricted comparison
model in which PTSD was allowed to cross-load on both the
Internalizing and Externalizing factors.

We used the WLSMYV estimator, a mean and variance adjusted
weighted least squares estimator (because of the categorical nature
of the data), and missing data were modeled directly under this
estimator (as opposed to eliminating missing observations pairwise
or listwise). We evaluated the fit of the models using statistics
from the absolute (x?), parsimony (root-mean-square error of
approximation [RMSEA]), and comparative-fit (Tucker-Lewis in-
dex [TLI] and comparative fit index [CFI]) classes of indices,
following cutoff guidelines recommended by Hu and Bentler
(1999). Specifically, RMSEA values less than .06 and CFI and TLI
values =.95 were considered to be indicative of good model fit.
We examined the relative fit of the two phenotypic models using
a chi-square difference-testing approach. A significant difference
in the chi-square values between two models indicates that the
nested model containing a subset of free parameters from the
parent model significantly degrades model fit (i.e., eliminating
paths that are actually necessary degrades model fit).

Biometric analyses. We retained the best fitting measurement
model from the phenotypic analyses to use in biometric analyses
examining the relative contributions of genetic and environmental
influences on latent internalizing and externalizing comorbidity.
All biometric models were tested with the mean and variance
adjusted weighted least squares estimator, consistent with the
phenotypic analyses. We examined the fit of a series of four
biometric models. In the first model, we examined the fit of an
independent pathway model in which the variance and covariance
of the individual diagnoses (i.e., not the latent psychopathology
dimensions) were parsed into additive genetic effects (A), common

environmental effects (C), and unique or nonshared environmental
(E) effects. Two sets of ACE factors were modeled: one set to
explain the variance and covariance of the individual internalizing
disorders and the second set for the individual externalizing dis-
orders. In addition, we parsed variance remaining in each diagno-
sis into disorder-specific genetic and environmental effects. The
independent pathway model provided a useful baseline to compare
the fit of the more parsimonious common pathway (i.e., latent
phenotype) models.

We then tested a series of three common pathway models.
Figure 1 displays the models that were tested in this common
pathway model-testing sequence. In the first common pathway
model (the simple ACE model), we parsed variance in the Inter-
nalizing and Externalizing comorbidity factors into their genetic
and environmental determinants. Separate ACE factors were mod-
eled for the two latent comorbidity factors. Preliminary results
indicated that the common environmental pathway to internalizing
was negligible, consistent with other twin investigations of the
genetic and environmental contributions to internalizing disorders
(Hettema et al., 2005; Kendler et al., 2003). Given that parameter
estimates close to the boundary of acceptable values (i.e., zero) can
cause a model to fail, this pathway was set to zero in all common
pathway models. In the second common pathway model, we
evaluated whether there was shared genetic variance contributing
to both internalizing and externalizing psychopathology. To do so,
we fit a Cholesky model (the Cholesky-A model) to the data in
which the first latent genetic factor (A, in Figure 1) was allowed
to also predict the Externalizing factor (Path al-b in Figure 1),
whereas a second set of ACE factors was retained as unique
predictors of the Externalizing factor (A,, C,, and E, in Figure 1).
Finally, we examined the fit of a third common pathway model
(the Cholesky-AE model) in which the first genetic (A,;) and
nonshared environment factors (E,, i.e., those associated with the
Internalizing factor) were allowed to cross-predict the Externaliz-
ing factor (Pathways al-b and el-b in Figure 1, respectively) and
unique genetic (A,) and environmental (C, and E,) factors were
also set to predict the Externalizing factor (Pathways a2, c2, e2, in
Figure 1).!

The fit of each model was examined using the same fit indices
and cutoffs described for the phenotypic models. The necessity of
the cross genetic pathway (al-b in Figure 1) in the second common
pathway model and of the cross nonshared environment pathway
(el-b in Figure 1) in the third common pathway model were
evaluated by constraining these paths to zero (one at a time) to
determine if doing so degraded model fit, as determined by a
significant Wald chi-square statistic.

Results

Phenotypic Analyses

The model in which major depression, dysthymia, GAD, panic
disorder, and PTSD were set to load on the Internalizing factor,
whereas ASPD, alcohol abuse/dependence, and drug abuse/

! Note that we never fit a model in which shared variance between
Internalizing and Externalizing was estimated to be due to the first com-
mon environment factor (C,), because this pathway was set to zero.
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Figure 1. Common pathway model testing sequence. The figure shows the model testing sequence for one
twin. Identical models were simultaneously evaluated in the second twin from each pair but are not depicted in
the figure for the sake of presentation clarity. Common factors are denoted by circles and observed indicators
by squares. The first common pathway model (the simple ACE model) included the paths depicted by solid black
lines (Paths al—el and a2—e2). The cl pathway was set to zero in all models. The second common pathway
model (the Cholesky-A model) added the path denoted by the long-dotted line (Path al-b) and the third common
pathway model (the Cholesky-AE model) added in the path denoted by the short-dotted gray line (Path el-b).
A = additive genetic; C = common environment; E = nonshared environment; INT = internalizing; EXT =
externalizing; MDD = major depressive disorder; Dys = dysthymia; GAD = generalized anxiety disorder;
PD = panic disorder; PTSD = posttraumatic stress disorder; ASPD = antisocial personality disorder; Drug =

drug abuse/dependence; Alch = alcohol abuse/dependence.

dependence were set to load on the Externalizing factor yielded good
model fit, x*(16, N = 6744) = 153.21, p < .001, RMSEA = .05,
CFI = .99., TLI = .99. The model which allowed PTSD to cross-load
on both the Internalizing and Externalizing factors also yielded good
model fit, x*(15, N = 6744) = 93.75, p < .001, RMSEA = .04,
CFI = 1.0, TLI = .99. The chi-square difference test to compare the
fit of the two models revealed that the less restrictive parent model
in which PTSD was allowed to cross-load on both the Internalizing
and Externalizing comorbidity factors provided significantly better
fit to the data than did the nested model in which PTSD was set to
load only on the Internalizing factor: Ax*(Adf = 1, N = 6744) =
46.22, p < .001.%> The completely standardized factor loadings for
this best fitting model are shown in Figure 2;* all diagnostic
indicators loaded significantly on their respective factors. The
correlation between the latent Internalizing and Externalizing vari-
ables in the best fitting model was r = .52.

To examine the uniqueness of the PTSD cross-loading on the
Externalizing factor, we ran a series of four additional phenotypic
models in which we allowed the other internalizing disorders to
cross-load on the Externalizing factor (each in separate analyses) to
determine if doing so significantly improved model fit. We set the
following criteria to evaluate if the model with the cross-loading
provided significantly better fit than the model without it: (a) The
cross-loading disorder must load positively on both the Internalizing
and Externalizing factors and must not result in a Heywood case (i.e.,
out of range parameter estimates); (b) the parameter estimate for the
cross-loading disorder on the Externalizing factor must achieve the
same minimum level of statistical significance as all other loadings on

the factor (i.e., p < .001); (c) all fit statistics must indicate acceptable
model fit in the model with the cross-loading; (d) the nested chi-
square test must be statistically significant at the p < .001 level, given
the atheoretical nature of these comparisons, the large sample size,
and that the model with the PTSD cross-loading achieved this degree
of improvement in model fit; and (e) the 95% confidence interval (CI)
for the parameter estimate of the cross-loading disorder on the Exter-
nalizing factor must not contain the value zero.

The results of this series of analyses revealed that major depression,
dysthymia, and GAD failed to meet the most basic of criteria outlined
in the preceding paragraph in that all three of these disorders loaded
negatively and/or nonsignificantly on the Externalizing factor (cross-
loading for major depression = —.14, p < .001; for dysthymia = —.12,
p < .001; and for GAD = -.01, p = .72), and the models with major
depression and dysthymia resulted in Heywood cases. The analysis

2 We also examined the relative fit of the two models using the complete
dataset clustered within twin pairs and the use of the robust maximum
likelihood estimator to account for the nonindependence of twin pairs.
These results replicated those presented in the main text of the article by
demonstrating that the model with the PTSD cross-loading on the Exter-
nalizing factor yielded superior fit to the model without this cross-loading,
as judged by the log-likelihood difference test, and the lower Akaike
Information Criterion and Bayesian Information Criterion values for the
former model.

3 The factor loadings shown in Figure 2 were estimated as part of the
biometric analyses but do not differ greatly from the factor loadings
obtained in the phenotypic analyses.



GENETIC STRUCTURE OF COMORBIDITY 325

Figure 2.

Standardized results from best-fitting biometric model. All values are completely standardized

parameter estimates. All paths are statistically significant at the p < .001 level with the following exceptions:
All paths fixed or estimated to be 0 or .01 were not significant, the residual genetic paths to PTSD and alcohol
abuse/dependence were not significant, the residual common environment path to PTSD was significant at the
p = .006 level, and the residual genetic path to ASPD was significant at the p = .03 level. A = additive genetic;
C = common environment; E = nonshared environment; INT = internalizing; EXT = externalizing; MDD =
major depressive disorder; Dys = dysthymia; GAD = generalized anxiety disorder; PD = panic disorder;
PTSD = posttraumatic stress disorder; ASPD = antisocial personality disorder; Drug = drug abuse/dependence;

Alch = alcohol abuse/dependence.

examining the panic disorder cross-loading on the Externalizing factor
yielded a good-fitting model with a positive and significant cross-
loading (path = .13, p = .01), but the statistical significance of this
path was less than that of every other indicator on the factor, including
that of PTSD in the prior analysis (all other indicators of Externalizing
loaded at the p < .001 level). This result failed to meet Criterion B
(see above). The 95% CI for this parameter estimate was .03—.22,
which, although it did not include the value zero, clearly approached
this value (in contrast, the 95% CI for the model with the PTSD
cross-loading was .15—.27). Finally, although the chi-square differ-
ence test comparing the model with the panic disorder cross-loading
to the model without it was significant, Axy*(Adf = 1, N = 6744) =
5.96, p = .01, this difference failed to meet our Criterion D. In sum,
although panic disorder evidenced a significant cross-loading on the
Externalizing factor, the validity of this association was dubious given
that it failed to reach the same level of statistical significance as the
other indicators and failed to produce a change in chi-square at the a
priori determined level of significance, and because its CI closely
approached the null value. Together, this suggested that the model
was not sufficiently robust for further testing. The model in which
PTSD cross-loaded on Internalizing and Externalizing was retained as
the best fitting model to use in subsequent common pathway biomet-
ric analyses.

Biometric Analyses

Cross-twin cross-diagnostic polychoric correlations for each
diagnosis are listed separately for MZ and DZ twins in Table 1.
The cross-twin correlations for the common Internalizing factor
were r = .44 and r = .16 for MZ and DZ twins, respectively. The
cross-twin correlations for the Externalizing factor were r = .91

and r = .57 for MZ and DZ twins, respectively. This pattern of
correlations provides initial evidence of (a) genetic effects for both
common factors, (b) nonshared environment effects for the Inter-
nalizing factor, and (c) common environment effects for the Ex-
ternalizing factor. This pattern provides no evidence of common
environmental effects for the Internalizing factor and suggests
negligible contributions of the nonshared environment to the Ex-
ternalizing factor.

In the first biometric model (the independent pathway model),
one set of latent ACE factors was modeled as predictors of major
depression, dysthymia, GAD, panic disorder, and PTSD, and a
second set of latent ACE factors was modeled as predictors of
ASPD, alcohol abuse/dependence, drug abuse/dependence, and
PTSD (this was the independent pathway model most directly
comparable to the phenotypic and common pathway models);
residual genetic and environmental effects distinct to each diag-
nosis were also calculated. This model did not yield adequate
model fit (see Table 2). Next, we examined the fit of the most basic
common pathway model (the simple ACE model) in which one set
of ACE factors was modeled as predictors of the Internalizing
factor (with the ¢, pathway set to zero); a separate set of ACE
factors was modeled as predictors of the Externalizing factor, and
the residual variances of the individual disorders were parsed into
their genetic and environmental components. This model also did
not provide good fit to the data (see Table 2), however, its fit, in
terms of RMSEA, TLI, and CFI, was identical to that of the
independent pathway model (see Table 2). Given that the common
pathway model is, by definition, more parsimonious than the
independent pathway model, it was judged to be superior to the
independent pathway model, as it achieved equal fit with fewer



326 WOLF ET AL.

Table 2
Biometric Model Testing Results

Pathway X2 (df) RMSEA CFI TLI Model constraint Wald test (df)
1. Independent pathway 2,289.46" (110) 11 91 92
2. Common pathway: Simple ACE 2,426.59" (116) A1 91 92
3. Common pathway: Cholesky-A 331.13" (123) .03 .99 99 Path al-b = 0 486.56" (1)
4. Common pathway: Cholesky-AE 238.43" (122) .02 1.0 1.0 Pathel-b = 0 95.54" (1)

Note. A = additive genetic; C = common environment; E = nonshared environment; df = degrees of freedom; RMSEA = root-mean-square error of
approximation; CFI = comparative fit index; TLI = Tucker-Lewis index. N = 6,744. Best fitting model is the Cholesky-AE model. The paths described

in the Model Constraint column can be found in Figure 1.
“p < .001.

estimated parameters; therefore, the common pathway model was
retained for subsequent refinement.*

We next sought to improve the fit of the common pathway
model by fitting models that allowed for shared genetic and/or
environmental variance; common etiological variance seemed
likely, given the phenotypic correlation between the two dimen-
sions. To evaluate this, we added a diagonal path reflecting shared
genetic variance across the Internalizing and Externalizing com-
mon factors, in addition to modeling genetic and environmental
contributions specific to the Externalizing factor (the Cholesky-A
model). This model fit the data well (see Table 2),° and the Wald
chi-square test indicated that constraining this cross genetic path to
zero significantly degraded model fit, thus this cross genetic path
was retained in the subsequent model. We then tested the fit of a
third common pathway model (the Cholesky-AE model) in which
we added a diagonal path reflecting overlapping nonshared envi-
ronmental variance across the Internalizing and Externalizing fac-
tors, in addition to the path reflecting common genetic effects. This
model provided excellent fit to the data (see Table 2), and the Wald
chi-square test indicated that constraining the cross nonshared
environmental pathway to zero significantly degraded model fit;
thus, this cross path was retained as part of this final, best-fitting
model.® Standardized parameter estimates from this best fitting
model are provided in Figure 2. Finally, we tested if the total
heritability for the Internalizing versus Externalizing factors was
equivalent. To do so, we imposed a model constraint on the best
fitting model in which the genetic path for Internalizing was set to
be equal to the sum of the genetic paths for Externalizing and
compared the fit of this model with the best fitting model without
this constraint. Imposing the constraint yielded significantly poorer
model fit, Wald x*(1, N = ) = 10.43, p = .001.

Table 3 lists the proportion of variance in the common psycho-
pathology factors explained by the genetic and environmental
factors in the best fitting model. Results suggested that one genetic
factor contributed to the majority of genetic variance in Internal-
izing (h*> = .41), whereas a second genetic factor contributed to the
majority of genetic variance in Externalizing (h* for genetic vari-
ance unique to Externalizing = .40). The first genetic factor also
explained an additional 29% of the variance in Externalizing (i.e.,
there was overlapping genetic variance across the two comorbidity
factors), yielding a total heritability for the Externalizing common
factor of .69. Overlapping nonshared environmental effects ex-
plained 58% of the variance in Internalizing and 5% of the vari-
ance in Externalizing; in addition, nonshared environment factors
specific to the Externalizing spectrum explained an additional 15%

of the variance in that dimension. In total, 34% of the variance in
Externalizing was shared with Internalizing (29% due to shared
genetic effects and 5% due to overlapping nonshared environmen-
tal effects), and this overlap was mostly (85%) due to shared
genetic effects. Finally, 9% of the variance in Externalizing was
due to common environmental effects, whereas there were no
common environmental effects for Internalizing.

Another way to quantify these factor-specific and overlapping
genetic and environmental effects across Internalizing and Exter-
nalizing is to calculate the phenotypic correlation between the
Internalizing and Externalizing factors using tracing rules and then
determine the proportion of the phenotypic correlation that is due
to correlated genetic versus environmental effects. We calculated
the phenotypic correlation between Internalizing and Externalizing
as r = .52. The proportion of the phenotypic correlation attribut-
able to shared genetic effects was 67% (i.e., r, = .35), whereas the
proportion of the phenotypic correlation attributable to overlap-
ping nonshared environmental effects was 33%. The correlation
between the genetic factors affecting Internalizing and External-
izing (r,) was .66, whereas the correlation between the nonshared

4 Akaike Information Criterion and Bayesian Information Criterion val-
ues are often used to determine whether an independent versus common
pathway model provides better fit, as these statistics take into account both
model fit and model parsimony. However, these fit statistics are based on
maximum likelihood estimation and are not applicable to the present study,
which is based on weighted least squares estimation (because of the
categorical nature of the data). In addition, although the common pathway
model is nested within the independent pathway model, a simple nested
chi-square test would not be appropriate for determining the superiority of
one model over the other as this statistic does not take model parsimony
into account and is unduly influenced by sample size. Thus, we compared
the fit of the two models by examining root-mean-square error of approx-
imation, Tucker-Lewis index, and comparative fit index values, in consid-
eration of model complexity versus parsimony.

5 Although the chi-square value for this model is significant, this is
unlikely to indicate poor model fit given that other fit statistics are con-
sistent with good model fit. Rather, significant chi-square values are often
obtained with large sample sizes because of minor (not substantive) dif-
ferences between the specified model and the data.

®To examine whether the ordering of common factors affected model
results, we ran a complementary analysis to this best fitting model in which
the Externalizing factor was modeled as the first common factor and the
Internalizing factor was modeled second. Results revealed identical total
genetic and environmental effects on the two common factors as in our
main analysis.
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Table 3

Variance Accounted for in the Internalizing and Externalizing Factors by the Genetic and Environmental Factors

Genetic factors

Common env. factors

Nonshared env. factors

Common factor Al A2 Total /> Cl1 C2 Total ¢? El E2 Total ¢
Internalizing 41 41 0 0 .58 .58
Externalizing .29 40 .69 .09 .09 .05 15 .20

Note. env. = environment; A = additive genetic; C = common environment; E = nonshared environment; n = heritability.

environmental factors affecting Internalizing and Externalizing
(rg) was .50.

Table 4 lists the genetic and environmental determinants of the
residual variance components for each diagnosis. The total residual
variance for each diagnosis is the amount of variance in each
indicator unexplained by the common factors. The table shows that
for most disorders, the majority of residual variance was accounted
for by the nonshared environment, which also included measure-
ment error. Significant disorder-specific genetic effects were evi-
dent only for ASPD, GAD, and panic disorder. Disorder-specific
common environmental effects were evident only for alcohol
abuse/dependence, drug abuse/dependence, and PTSD.

Discussion

This study modeled the relative strength of genetic and envi-
ronmental influences on the common factors underlying the inter-
nalizing and externalizing dimensions of psychopathology. Anal-
yses revealed that 41% of the variance in the common factor
underlying disorders of the internalizing spectrum was accounted
for by one genetic factor, whereas a second, distinct, genetic factor
explained 40% of the variance in externalizing. These findings
suggest that genes contribute in a broad and coherent manner to
increase the likelihood of developing one or more of a range of
related mental disorders. The first genetic factor likely corresponds
to the heritable component of trait negative emotionality (i.e., the
primary personality substrate for the internalizing disorders;
Brown, 2007; Brown, Chorpita, & Barlow, 1998; Krueger et al.,
2001; Mineka, Watson, & Clark, 1998; Watson, 2005) and is likely

Table 4
Disorder-Specific Residual Variance Components

Disorder-specific Disorder-specific ~ Total

Disorder-specific common env.  nonshared env. residual

Diagnosis genetic variance variance variance variance
Alch .07 .14 .36 .57
ASPD .10 0 .38 A48
Drug 0 .26 17 43
Dys 0 0 11 11
GAD .08 0 51 .59
MDD 0 0 .07 07
Panic 22 0 44 .66
PTSD 0 .10 .62 72

Note. env. = environment; Alch = alcohol abuse/dependence; ASPD =

antisocial personality disorder; drug = drug abuse/dependence; dys =
dysthymia; GAD = generalized anxiety disorder; MDD = major depres-
sive disorder; Panic = panic disorder; PTSD = posttraumatic stress dis-
order.

manifested in symptoms marked by high distress but little speci-
ficity for any single DSM diagnosis (i.e., generalized distress;
Watson, 2009). The second factor may reflect the heritable com-
ponent of trait disinhibition (i.e., the primary personality substrate
for externalizing; Dick et al., 2008; Krueger et al., 2001, 2002;
Krueger, Markon, Benning, & Kramer, 2005; Miller, Vogt, Moz-
ley, Kaloupek, & Keane, 2006; Young et al., 2000, 2009). This
dimension may manifest cognitively in executive function deficits
(Coolidge et al., 2000; Young et al., 2009), particularly in the
domain of response inhibition (Young et al., 2009). Analyses also
revealed evidence of substantial genetic effects that were shared
between the two dimensions of psychopathology, with 29% of the
variance in Externalizing accounted for by the first genetic factor;
this suggests that the biological risk factors for the development of
internalizing and externalizing disorders are not fully distinct and
implies that some genes may increase the risk for disorders in both
spectrums. This overlap is consistent with prior studies of the
phenotypic structure of comorbidity that have found moderate
correlations between internalizing and externalizing factors
(Krueger, 1999; Krueger et al., 1998; Slade & Watson, 2006;
Vollebergh et al., 2001). This likely reflects the contribution of
negative emotionality to both spectra and illustrates the ubiquity of
negative emotionality in mental disorders (Khan, Jacobson, Gard-
ner, Prescott, & Kendler, 2005; Lahey, 2009; Miller et al., 2006,
2008; Mineka et al., 1998).

Stronger heritability estimates were obtained for the External-
izing factor (total = .69) than for the Internalizing factor (.41),
with the nonshared environment accounting for the largest propor-
tion of variance (58%) in Internalizing and the largest proportion
of environmental variance in Externalizing (20%). This suggests
that disorders of these spectra were more strongly linked to unique
life experiences that operated on the individual twin (such as the
effects of war zone deployment and combat exposure) rather than
common environmental factors which operated on both members
of the twin pair. In addition, this study suggests that some of the
nonshared environment factors that give rise to the internalizing
spectra also contribute to the externalizing dimension. This sug-
gests that individual life experiences, such as trauma exposure,
may operate on an individual’s genetic diathesis toward either
internalizing or externalizing psychopathology, thus increasing the
likelihood that such vulnerability will be manifested (Resick &
Miller, 2009).

In contrast to the role of the nonshared environment, the com-
mon environment exerted no effects on the Internalizing factor and
relatively modest effects on the Externalizing factor (with 9% of
the variance in Externalizing attributable to the common environ-
ment). The common environment exerted its greatest effect on risk
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for the development of individual disorders from the externalizing
spectrum, including alcohol and drug abuse/dependence and
PTSD. This suggests that factors common to both members of the
twin pair, such as immediate family environment, socioeconomic
status, and community factors, such as exposure to crime and illicit
drugs, may serve to shape the particular manifestation of external-
izing psychopathology; that is, whereas genetic and nonshared
environmental factors may increase the risk for externalizing psy-
chopathology broadly, common environmental factors may deter-
mine the specific expression of such psychopathology. The pri-
macy of genetic and nonshared environmental factors (over the
common environment) has been shown previously in biometric
analyses of individual disorders (Hettema et al., 2005; Kendler et
al., 2003), but to our knowledge, no prior study has simultaneously
modeled the genetic and environmental influences on the common
factors underlying both internalizing and externalizing comorbid-
ity.

One possible explanation for the finding of greater heritability
of the externalizing spectrum is that this is a function of the greater
reliability of the assessment of externalizing relative to internaliz-
ing disorders in these data (Koenen et al., 2002; Slutske et al.,
1998, 2001). This would mean that there was more error among
the internalizing disorders and, therefore, a limit on the amount of
true-score internalizing disorder variance available to be explained
by the genetic and environmental factors. As a result, we may have
underestimated the genetic and environmental influences on inter-
nalizing relative to externalizing. Although these data cannot quan-
tify the extent to which the greater internalizing disorder unreli-
ability explains this factor’s lower heritability (see Kendler et al.,
1999), the use of latent factors in this study minimizes this problem
relative to other approaches that do not separate error from true-
score variance. In other words, although this study cannot control
for differential reliability in the assessment methods, it can capi-
talize on this information and limit its effects on the parameters of
interest.

Findings of this study help clarify the location of PTSD within
the broader structure of common mental disorders. On the basis of
theory and prior evidence (Miller et al., 2003, 2004; Miller &
Resick, 2007), we had hypothesized a significant relationship
between PTSD and disorders of both the internalizing and exter-
nalizing spectra (i.e., that the best fitting model would include
significant loadings of PTSD on both internalizing and external-
izing). Results were consistent with this hypothesis and showed
that although PTSD covaried more strongly with disorders of the
internalizing spectrum, it also evidenced a significant, albeit more
modest, relationship with externalizing that was important to over-
all model fit. Although it is possible that the modest association
between PTSD and the Externalizing factor was statistically sig-
nificant merely as a result of the large sample size, the chi-square
difference test demonstrated the superiority of the model with the
PTSD cross-loading. Further, no other internalizing disorder
yielded this same pattern of cross-loading on the Externalizing
factor, suggesting the discriminant validity of the PTSD-
externalizing association relative to the other internalizing disor-
ders. This finding is consistent with a “multiformity” model
(Krueger & Markon, 2006; Neale & Kendler, 1995; Rhee, Hewitt,
Corley, Willcutt, & Pennington, 2005) in which PTSD is concep-
tualized as arising as a function of latent liabilities toward either
internalizing or externalizing. In addition, PTSD evidenced a much

weaker association with the Internalizing factor relative to the
magnitude of the loadings of the other internalizing disorders on
that factor, a finding which has been reported previously (Cox et
al., 2002). Together, these findings add to a growing body of
research which call into question the current placement of PTSD
within the anxiety disorders section of DSM-IV (Resick & Miller,
2009). They are consistent with the hypothesis that PTSD may
arise from individual diatheses that span the spectrum of human
variation in vulnerability to psychopathology and result in exten-
sive heterogeneity in the phenotypic expression of posttraumatic
psychiatric disturbance. They also support calls for PTSD to be
moved out of the anxiety disorders in DSM-V into its own class of
disorders defined by the causal conditional nature of their relation-
ship to serious adverse life events (i.e., a spectrum of traumatic-
stress disorders; Miller, Resick, & Keane, 2009; Resick & Miller,
2009).

Finally, results of this study illustrate the advantages of studying
the common factors underlying broad classes of psychopathology
in future genetic research. Such factors can be conceptualized as
endophenotypic traits that reduce psychometric error and thereby
reflect high-fidelity representations of the dimensions underlying
the diagnoses of interest. As such, they can be expected to map
more directly and completely onto their biologic substrate and
yield substantially increased predictive power for biomarker asso-
ciation analyses compared with analyses that focus on identifying
biomarkers of individual disorders. Recent work of this type using
factor or other composite indicators of internalizing and external-
izing psychopathology has already begun to prove useful in iden-
tifying specific genes associated with these broad spectra of dis-
orders (Dick, 2007; Dick et al., 2008; Hettema et al., 2008;
Stallings et al., 2005).

Limitations

The primary limitations of this study are those inherent to the
twin study method, such as assumptions about the nature of the
genetic and environmental associations between MZ versus DZ
twins (i.e., that MZ twins share 100% of their genes, whereas DZ
twins share 50%, and that environmental effects can be split into
those effects that are completely shared by members of the twin
pair and those with no overlap across members of a twin pair). In
addition, the fact that all participants were male military veterans
from the Vietnam War era and that analyses were based on lifetime
diagnostic data raises questions about whether results would gen-
eralize to other samples or diagnostic indicators based on current
symptoms. This latter concern is offset by evidence that the struc-
ture of mental illness is consistent across studies, regardless of the
use of current/past year (e.g., Krueger et al., 2003; Slade &
Watson, 2006; Vollebergh et al., 2001) or lifetime (e.g., Krueger,
1999; Krueger et al., 2001) psychiatric diagnoses. As is the case
with any structural equation model study, it is conceivable that there
are other phenotypic and biometric models that we did not test which
might provide equivalent or improved model fit relative to our best
fitting model. In addition, as noted earlier, it is unclear to what
extent the differential reliability of the internalizing and external-
izing disorders affected the relative magnitude of the etiological
pathways. These limitations are arguably offset by the strengths of
this study, including the ability to simultaneously model latent
internalizing and externalizing psychopathology factors and to
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quantify the overlapping and unique etiologic variance of the two
factors.

Conclusions

This study provides evidence for two distinct genetic factors that
differentially give rise to internalizing versus externalizing comor-
bidity. Further, diagnostic comorbidity across the internalizing and
externalizing dimensions is largely explained by a common ge-
netic factor that predicts both classes of disorders. The nonshared
environment explained the largest proportion of environmental
variance in the two common psychopathology factors. Results also
showed that PTSD shares phenotypic and etiological links with
both the internalizing and the externalizing spectra of psychopa-
thology. This suggests the need to further examine and refine
models of comorbidity and conceptualizations of the influence of
genetic and environmental effects on posttraumatic psychopathol-

ogy.
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